Background: Autoimmune hepatitis may flare up after treatment withdrawal, especially in those who had not achieved histological remission but had normal liver enzymes. The European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Disease (AASLD) Guidelines recommend performing liver biopsy before treatment withdrawal. The aim of the study is to define the outcome of treatment withdrawal in adults with wellcontrolled disease for 2 years with and without liver-biopsy guidance. Methods: A retrospective observational study was conducted on biopsy-proven autoimmune hepatitis patients who were treated for 2 years and with persistently normal aspartate aminotransferase (AST) and alanine aminotransferase (ALT) or nearly so for 6 months prior to treatment withdrawal. Exclusions were: juvenile onset autoimmune hepatitis and prior treatment or use of agents other than corticosteroids and azathioprine. The primary endpoint was to define freedom from flare-ups for 1 year after treatment withdrawal. Results: Thirty-four consecutive subjects meeting study criteria were identified. Treatment withdrawal was accomplished in 24 subjects without liver-biopsy guidance and 10 had pre-treatment withdrawal liver biopsy. Demographics, immunosuppressive usage, pre-treatment cirrhosis and pre-treatment liver enzymes were similar between the two groups, and 25% had an enzyme flare-up within 12 months after treatment withdrawal, which was similar in the two groups (20.8 vs 30.0%, P ¼ 0.57). Conclusions: Adults with autoimmune hepatitis and excellent response to therapy for 2 years are candidates for treatment withdrawal without the need for liver biopsy.
Introduction
Liver enzyme normalization in autoimmune hepatitis (AIH) patients precedes the histological resolution of inflammation. Since normal liver enzymes do not always reflect histological disease activity, liver biopsy has often been recommended before a decision to withdraw treatment is made.
The most recent American Association for the Study of Liver Disease (AASLD) guideline favors histological evidence of remission via biopsy before treatment withdrawal [1] . These recommendations are based on studies by Czaja et al. and Verma et al. [2, 3] . Liver biopsy is the most accurate diagnostic method used in patients with AIH; nevertheless, it carries significant morbidity and, to a lesser degree, mortality [4] . Others have demonstrated a close correlation between normalization of liver enzymes with the absence of interface hepatitis and residual plasma cells within the portal tract [5, 6] . Conversely, others have shown that histological resolution of features of AIH does not predict off-treatment flare-ups. Our study aims to address the question of whether persistent normalization or near normalization of the liver enzymes over 2 years will be adequate for decision-making for treatment withdrawal.
Because of the ongoing disagreement regarding the value of liver biopsy prior to treatment withdrawal, we sought to examine the experience in our large hepatology practice. We hypothesized that we could reduce cost, morbidity and mortality associated with liver biopsy without affecting patient safety using noninvasive measures to judge the timeline for treatment withdrawal in AIH patients. A retrospective observational study was conducted in our large academic practice in order to explore the adequacy of using liver tests alone as an indicator of likelihood of freedom from flare-ups after treatment withdrawal in healthy patients with well-controlled AIH. The study was performed by analysing the last 15 years of adult patients with AIH and well controlled on treatment for 2 years with a 1-year follow-up period after treatment withdrawal in our practice. We studied treatment-withdrawal outcomes of patients treated in a large hepatology practice in which treating physicians vary in reliance on liver biopsy as a tool to decide to withdraw treatment.
Materials and methods

Study design
This report describes a retrospective observational study conducted in a large academic center. After Institute Review Board (IRB) approval, records were probed for patients with the diagnosis of AIH or chronic active hepatitis from January 2000 until April 2015. The diagnosis was based on a liver-biopsy finding typical for AIH backed up with proper circulating autoantibodies (i.e. antinuclear antibody [ANA], anti-smooth muscle antibody [ASMA], anti-liver-kidney microsome [LKM] and IgG levels). A typical AIH finding upon biopsy consisted of the presence of interface hepatitis (i.e. portal and peri-portal plasma cell infiltration). All patients included in the study received standard treatment with good response to treatment initiation. Liver biopsies were conducted within 3 months of the diagnosis date.
Inclusion and exclusion criteria
Patients were included in the study if they were at least 18 years of age and experiencing their first episode of AIH. Only patients who started immunosuppressive therapy and were eligible for treatment withdrawal based on histological remission upon biopsy, persistent normalization or near normalization of their liver enzymes were included in the analysis. Patients should have had at least 2 years of follow-up from the time of the diagnosis and at least 1 year of follow-up after treatment withdrawal. Liver enzymes, IgG levels (whenever available), ANA and ASMA were recorded for all of the included patients. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were recorded every 6 months from the time of the treatment start. Liver enzymes were followed every 6 months for at least 1 year after treatment withdrawal.
Patients were excluded if they did not have histologically demonstrated AIH or if their biopsies exhibited overlap with other liver pathologies. Patients with juvenile AIH and patients on agents other than corticosteroids or azathioprine (i.e. tacrolimus or mycophenolate mofetil) were excluded. Lastly, the presence of other diseases that require long-term immunosuppressive treatment (i.e. systemic lupus erythematosus) were excluded, but patients with other autoimmune diseases that did not require long-term immunosuppressive therapy were included (i.e. thyroiditis) in the analysis. All of the results were recorded in an Excel spread sheet and were analysed by the Section of Biostatistics at Cleveland Clinic Foundation.
Since this study is retrospective, we aimed to decrease the incidence of bias in including or excluding patients by reviewing the reasons for inclusion or exclusion by two separate investigators, as well as having the final list be revised by the principle investigator in the study (according to Strobe checklist).
Patient stratification and endpoints
Subjects were stratified into two groups: patients were placed in the liver-biopsy positive (LBþ) group if, prior to treatment withdrawal, a liver biopsy was performed and showed complete resolution of hepatocyte inflammation (Grade 0). The liver-biopsy negative (LB-) group included patients of whom the treatmentwithdrawal decision was based on the persistent normalization or near normalization of liver enzymes for at least 2 years. Normalization of the liver enzymes was defined as ALT and AST less than the upper limit of normal.
Outcome measures in the two groups included recurrence rate, sustainability of remission, death and orthotopic liver transplant (OLT). The primary endpoint was a flare-free interval within 1 year of treatment withdrawal. Patients were considered to have had a flare-up if they needed to reinstitute immunosuppressive therapy based on clinician decision and increase in liver enzymes. Secondary endpoints included the likelihood of developing liver decompensation, OLT or death within the first year after treatment withdrawal. Liver decompensation was outlined as the development of coagulopathy, ascites or hepatic encephalopathy. In the LBþ group, the levels of inflammation and fibrosis before and after treatment were examined to determine whether there was a correlation between the level of inflammation or fibrosis and the incidence of flare-ups. Patients included in the study had not developed serious adverse events through the study time, with no mortality recorded in the study population at the end of the study in both groups.
Statistical analysis
Data are presented as median (25 th , 75 th percentiles) or frequency (percent). Univariable analysis was performed to compare subjects with and without liver biopsy prior to stopping immunosuppressive therapy. The non-parametric Kruskal-Wallis test was used for continuous and ordinal factors, and Pearson's chi-square test or Fisher's Exact test were used for categorical factors. In addition, a time-to-event analysis was conducted to assess occurrence of flare-ups. Follow-up time was defined as months from treatment end to occurrence of flare-ups or May 2016 if there were no flareups and was truncated at 18 months. A Kaplan-Meier plot was constructed, and a log-rank test was used to assess differences between subjects with and without biopsy. Moreover, an invariable Cox regression analysis was performed to evaluate factors associated with risk of flare. A P < 0.05 was considered to be statistically significant. All analyses were performed using SAS (version 9.4, The SAS Institute, Cary, NC).
Results
We reviewed the records of 508 patients with the diagnosis of AIH or chronic active hepatitis between January 2000 and April 2015. Thirty-four patients met criteria for inclusion. Ten patients were in the LBþ group. The other 24 patients were in the LB-group. Figure 1 depicts patient stratification based on initial biopsy status and associated flare-ups.
Prior to treatment initiation
There were no significant differences between the characteristics of the two groups. The average ages were 48 years in the LBþ group and 53 years in the LB-group. The severity of the disease's effect on the liver, as demonstrated by degree of inflammation, as well as stage of fibrosis, was similar between the two groups. Biopsies pre-treatment showed significant inflammation (Stages 3 and 4) in 15 (62.5%) patients of the LB-group versus 6 (60.0%) in the LBþ group, significant fibrosis (Grade 3 and 4) in 13 (54.2%) patients of the LB-group vs 3 (30.0%) in the LBþ group. There was no difference between both groups in terms of the immunosuppression used or the duration of treatment. ALT elevation prior to treatment initiation was similar between the two groups ( Table 1) .
During the active treatment period
ALT and AST were checked during the 2 years of treatment and compared between the two groups. Transaminase values were analysed using a Kruskal-Wallis test, Pearson's chi-square test and Fisher's Exact test, with cutoffs being set to the upper limit of normal (ULN) and two times the upper limit of normal (2xUNL). No statistically significant differences were noted in the level of elevation of the liver enzymes during the treatment period with a P-value of 0.39 for ULN of both ALT and AST and 0.99 for 2xULN of ALT and AST (Table 2) .
Post-treatment follow-up period
Transaminases were checked after treatment withdrawal at least every 6 months for 1 year in the LBþ and LB-groups. The median length of follow-up was 11.4 months for the LBþ group and 11.7 months for the LB-group with a P-value of 0.84. Again, no statistically significant differences were noted during the posttreatment withdrawal follow-up period in the degree of elevation of both ALT and AST between the two groups ( Figure 2 and Table  3 ). In addition, there was no documented death or transplantation in any of the 34 subjects. The degree of fibrosis in the LBþ group showed regression post treatment in 30% of the patients (Table 4) . A time-to-event analysis was performed to assess risk of flare-ups between the groups (Figure 3 ). Flare-free rate at 1 year was 80% (95% confidence interval [CI]: 41-95%) for those with biopsy compared to 85% (95% CI: 60-95%) for subjects without biopsy. No other factor was observed to be associated with higher risk of flare-ups. Univariate analysis showed that 33.3% of patients on prednisone alone had flare-up with a P-value of 0.045 (Table 5) . A multivariable analysis was not performed, as there were fewer than 10 patients with a flare-up.
Discussion
There is no significant difference basing the treatmentwithdrawal decision on histological evidence of remission vs persistent normalization of the liver function in patients with AIH. Several studies have shown that there might be a correlation between the incidence of flare-up and IgG levels [6] . Although IgG levels were not tested in our study, we could not identify other factors that may predict the occurrence of flare-ups in either group, as shown in Table 5 . Furthermore, there was no mortality difference observed between the two patient groups in our study.
Other studies have shown that histological remission might not correlate well with biochemical remission in AIH patients leading to a second biopsy prior to a treatment-withdrawal decision, similarly to the study conducted by Putra et al. [7] , although, in that study, only 6 out of the 20 patients enrolled in the study had biopsy for the treatment-withdrawal decision, and approximately 40% underwent the biopsy for elevated liver enzymes, which was different from our study population. The lag period between the biochemical and histological remission usually varies from 3 to 8 months [8] . This observation has influenced clinical practice guidelines from AASLD. Both the European Association for the Study of the Liver (EASL) and the British Society of Gastroenterology (BSG) Guidelines published in 2011 mentioned that a second biopsy should be individualized, as it facilitated documentation of inflammation resolution but did not alter the patient's ultimate outcome [9, 10] . The relevance of the short-term (3-8 months') lag between enzyme normalization and histological activity may not extend to those whose liver enzymes were normal for >12 months. Our data provide added clarity and evidence that treatment withdrawal in a selected population (i.e. patients with well-controlled disease for 2 years) can be achieved successfully without the need to repeat liver biopsy. Our data also extend and confirm the findings of others. A prospective study by Luth et al. [11] including 82 patients with AIH followed using lab tests and liver biopsies revealed a close correlation between histological activity and the degree of ALT and IgG elevation. Likewise, Montano-Loza et al. [6] showed the importance of complete normalization of the AST as a predictor of recurrence, regardless of the complete histological remission in a prospective trial, which included 131 patients with confirmed type I AIH.
Although liver biopsies are relatively safe, they are nevertheless associated with complications. Both clinicians and patients have an aversion to biopsy, unless there is a compelling need. Indeed, in our series, the hepatologist employed liver biopsy prior to cessation of immune suppression in only 29% of the cases. Likewise, an Israeli study published in 2013, which evaluated the prevalence of AIH in the Israel population from 1995 until 2010, reported that most hepatologists enrolled in that study did not perform a liver biopsy but rather relied on the normalization of the liver enzymes as a means of follow-up [12] . Furthermore, a study from Germany looked at patient selection for treatment withdrawal, In this study, the researchers used normalization of AST and ALT for treatment-withdrawal decision in most of the recruited patients (50%), and it showed there was no difference in the relapse rate between patients who had biopsy vs those who had treatment withdrawal without the biopsy, and also that the lower the AST and ALT prior to treatment withdrawal, the lower the chance of having a posttreatment withdrawal flare-up [13] . Finally, a study by van Gerven et al. [14] on the high recurrence rate among patients with AIH showed that liver biopsy confirmed histological remission before treatment withdrawal was employed in only 18% of 131 patients included in the study, and absence of liver biopsy did not influence the relapse rate. While sustained remission for 2 years is sufficient to safely discontinue immunosuppressive medications in patients with AIH, we were intrigued to observe that, among those who had a second biopsy, the degree of hepatic fibrosis was remarkably reduced in 30%. Equally importantly, none had more fibrosis on the second biopsy than was present in the initial biopsy. Details will be presented in a separate communication. These findings may suggest value in subjecting those with advanced fibrosis on pretreatment liver biopsy to post-treatment non-invasive measurements of hepatic fibrosis, such as elastography. Similar regression in fibrosis in HCV (Hepatitis C virus)-treated patients has been observed [5, 15] . Further studies are required to clarify the degree of regression and its significance in patients with AIH.
Although our initial population was 508 patients, most of these patients were excluded for uncontrolled diseases, and they were either referred to transplant or were still receiving treatment. This finding is consistent with the data that 50-86% of patients might have flare-ups after treatment, presented by Montano-Loza et al. [6] . One limitation to our study was the small sample size, which was related to strict inclusion criteria that limited the application of the current data to all patients with AIH, and we believe it is important not to attempt treatment withdrawal, except in a highly selected patient population that has well-controlled disease over 2 years. These strict inclusion criteria led to exclusion of a large number of patients, as shown in Figure 1 . We studied patients with well-controlled disease and the patients included in both groups were on a standard regime for immunotherapy, i.e. starting with 60 mg steroid as 
P-values:
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ULN, upper limit of normal. monotherapy and decreasing the dose weekly by 10 mg until we reached maintenance of 10-20 mg or starting with moderatedose steroid 30 mg and azathioprine 50 mg and tapering the steroid dose 10 mg weekly until maintenance of 5-10 mg. We believe that, due to the importance of the concept we are introducing, this study should be a pilot study to further larger double-blinded randomized trials to confirm our finding. Our report is affected by the limitations of all retrospective studies. It is gratifying that most published retrospective reports reach similar conclusions.
Current AASLD guidelines mandate a second biopsy prior to stopping the immunosuppression [1] . Our study as well as other published studies [6, 10, 11] showed that it is not mandatory to repeat the biopsy with persistent normalization of the liver enzymes. This study and the prior mentioned studies might lead to change in the current guidelines if we were able to replicate the finding in a randomized-controlled trial with a larger population size.
In conclusion, this study reveals that it is safe to withdraw treatment in patients with AIH disease without a second biopsy when they have normalized liver enzymes over 2 years. Hepatologists should be highly selective in regard to withdrawing treatment from patients with AIH. 
